Autophagy is a major catabolic process in eukaryotes and is implicated in responses to biotic 17 and abiotic stresses, programs of aging and cell death. Autophagy is known to regulate 18 agriculturally important traits such as plant fitness, longevity, biomass and seed yield. 19 However, despite its obvious significance, there is still a shortage of reliable tools modulating 20 plant autophagy. Here we describe the first robust pipeline for identification of specific plant 21 autophagy-modulating compounds. Our novel screening protocol comprises four phases: (i) 22 high-throughput screening of chemical compounds in cell cultures of Nicotiana tabacum; (ii) 23 confirmation of the identified hits in planta using Arabidopsis thaliana; (iii) further 24 characterization of the effect using conventional molecular biology methods; (iv) verification 25 of specificity of the effect to autophagy in planta. The methods detailed here streamline 26 identification of specific plant autophagy modulators and greatly aid in unravelling the 27 molecular mechanisms of plant autophagy. 28 Main 29
confirms that the observed changes in the ATG8 localization are autophagy-dependent. For 140 this assay, ATG8 fused to the fluorescent tandem tag consisting of TagRFP and mWasabi 12 141 was expressed in the wild-type (WT) and autophagy-deficient Arabidopsis plants (reporter and 142 control lines for autophagic flux detection, respectively; Fig. 1c ). Due to relatively high 143 stability of TagRFP fluorescence at the low pH of the lytic vacuole and poor low pH-tolerance 144 of mWasabi fluorescence, the ratio of the red to green fluorescence intensities in the vacuoles 145 can be used as a read-out for autophagy activity, with higher ratios indicating increased 146 autophagic flux. 147 Importantly, the basal autophagy level and compound sensitivity vary significantly depending 148 on the cell type and differentiation stage. We observed the most reproducible results when 149 performing microscopy experiments on epidermal root cells located at the beginning of the 150 differentiation zone (DZ, Fig. 3a ). 151 Firstly, we performed an estimation of the optimal concentration and treatment duration. For Supplementary File 1). The optimal treatment conditions for each compound was then verified inhibit autophagy indirectly and have significant off-target effects, as it has been recently 201 shown for some of the known compounds 9,10 .
202
To eliminate this possibility we designed the fourth phase of the screen where the effect of each 203 candidate compound on endomembrane compartments is tested in planta using a library of 204 fluorescent marker lines ( Supplementary Table 3 ). The library comprises the minimal set 205 representing most crucial components of the endomembrane system including: endoplasmic 206 reticulum (ER), Golgi apparatus (GA), trans Golgi network (TGN), multi-vesicular bodies 207 (MVB), vacuole, mitochondria, peroxisomes, plasma membrane, endo-and exocytic pathways.
208
Firstly, each compound was tested on the set of the marker lines using the conditions optimized 209 in the second and third phases. If detectable morphological changes were observed for any of 210 the markers, a range of lower concentration of the compound and a range of different treatment 211 times were tested. This allowed to estimate the maximal possible concentration at which the 212 compound did not change the morphology of any endomembrane marker. Furthermore, the 213 identified concentration were then tested using the TT assay to assess its impact on autophagy 214 activity (feedback arrow iii, Fig. 1a ).
215 Figure 5 provides an example of optimization for C12 that at conditions originally optimized 216 in phases two and three altered ER morphology. Thus, a gradient of C12 concentrations was 217 tested using an ER marker line ( Fig. 5a ). Concentrations of C12 at 60 µM and above were 218 causing significant ER stress, i.e. disrupted cisternae network and formation of swollen ER-219 bodies (white arrows, Fig. 5a ; Supplementary Video 1). C12 at 30 µM or less did not alter ER 220 morphology ( Fig. 5a ). Thus, C12 concentrations ranging from 7.5 µM to 30 µM were then 221 tested using the TT and GFPA-ATG8 cleavage assay and showed significant impact on 222 autophagic flux ( Fig. 5b, c) . Interestingly, to our experience, the average concentration range of drugs applicable for BY-2 236 cells was significantly higher than the concentration range suitable for Arabidopsis plants, 237 indicating important differences between the two models. This observation is a useful starting 238 point for future drug screens utilizing either of the model systems. Notably, the absolute values 239 of the applicable concentration ranges have to be individually adjusted to a specific chemical 240 library, as the activity of compounds might vary due to purity, age, structural stability and 241 storage differences.
242
As further characterization of identified autophagy modulators is very costly and labour-243 intensive 27,28 , it is important to identify drugs that are specifically modulating autophagy under 244 physiological conditions. To achieve this, we designed a multi-faceted approach of the first 
